ABSTRACT. Objective. To examine whether increasing duration of breastfeeding is associated with a lower risk of overweight in a low-income population of 4-yearolds in the United States.
T he increasing prevalence of overweight among preschool-age children in the United States has been described as an epidemic. 1, 2 Overweight children are at increased risk of being overweight adults. 3, 4 In addition, children who are overweight already show related signs of morbidity, including elevated blood pressure, cholesterol, triglyceride, and insulin levels. 5, 6 Thus, prevention of pediatric overweight is important for the long-term prevention of chronic disease.
Evidence in the literature has been contradictory regarding whether breastfeeding is associated with a reduction in the risk of overweight. 7 A number of authors have found no significant correlation between breastfeeding and various measures in children of mean adiposity, 8 -10 fatness, 11 or overweight. [12] [13] [14] Agras et al 15 actually found a higher mean body mass index (BMI) for children who were breastfed the longest durations. Conversely, many researchers have observed a greater risk of overweight in children and adolescents who had not been breastfed compared with those who had 16, 17 or who were breastfed a shorter rather than longer duration. 18 -25 On the basis of a review of 11 studies, Dewey 26 concluded that "the evidence to date suggests that breastfeeding reduces the risk of child overweight to a moderate extent."
Many of these studies suffered from small sample sizes-especially for breastfeeding durations longer than 6 months-and were underpowered to detect substantively important effects. Also, several of the studies used mean BMI or mean skinfold as an indicator of adiposity. Breastfeeding has been shown to be protective against undernutrition. 27, 28 If breastfeeding protects against underweight as well as overweight, then one would not expect to see an effect on the central tendency of adiposity but only on the extremes. Nearly all of the studies to date that have shown a protective relationship between breastfeeding and overweight were conducted in predominantly white, non-Hispanic populations. Infant feeding patterns in the United States are known to differ dramatically by race and ethnicity. 29 We examined whether an increasing duration of breastfeeding is associated with a lower risk of overweight among a low-income population of 4-year-olds. Advantages of this study include its large sample size, its examination of breastfeeding beyond 12 months of age, and its stratification by racial/ethnic group.
METHODS
The data for this analysis were drawn from the Centers for Disease Control and Prevention (CDC) Pediatric Nutrition Surveillance System. 30 This system aggregates data on growth and anemia from low-income children who attend public health clinics across the United States. Data are derived from the Special Supplemental Nutrition Program for Women, Infants, and Children and the Maternal and Child Health Block Grant. Children are seen at a clinic an average of twice a year and have their height and weight measured each time. For children under the age of 2 years, data are also collected on whether the child was ever breastfed and, if so, for how long.
Records for children who are enrolled in these programs were linked by a data processing team based on child identifier and date of birth to create a longitudinal series of heights and weights for each child. Individual identifiers were stripped from the data files before transmission to the researchers. For this analysis, we included only children who had at least 1 visit for each single year of age up to age 5, to guarantee that all of the records with the same identification did in fact come from the same child. We included children who were born between 1988 and 1992 and thus used records for 1988 -1997. A total of 246 371 children were examined. We excluded all children for whom breastfeeding duration was not assessed (n ϭ 58 009) or for whom the reported duration of breastfeeding was inconsistent from one visit to the next (n ϭ 10 315). We also excluded children who did not have data on height, weight, gender, race/ethnicity, and birth weight (n ϭ 743). A total of 177 304 children were included in our analysis.
In a subset of 7 states, we also had access to maternal pregnancy records from the CDC Pregnancy Nutrition Surveillance System. This system collects data on risk factors during pregnancy in the same public health programs previously described. Data processors linked pregnancy and pediatric records using child identifier and date of birth. The mother's age, educational attainment, selfreported prepregnancy weight, height as measured at the first prenatal visit, weight gain during pregnancy, and postpartum smoking were attached to the child's records. The mother's prepregnancy BMI (kg/m 2 ) was computed. Pregnancy weight gain was categorized as less than ideal, ideal, and greater than ideal as recommended by the Institute of Medicine. 31 Smoking was categorized as none, Ͻ10 cigarettes per day, and Ն10 cigarettes per day. A total of 12 587 mother-child pairs were included in this subanalysis.
Breastfeeding duration was categorized into 6 categories: never, Ͻ1 month, 1 to 2 months, 3 to 5 months, 6 to 11 months, and Ն12 months. No information was collected in this system on the introduction of solid foods or other milks. Overweight among 4-year-old children was defined as having a BMI-for-age above the 95th percentile based on the 2000 CDC growth reference. 32, 33 When a child had Ͼ1 clinic visit while 4 years old, only 1 visit was selected at random. Because we were also concerned about whether breastfeeding affects only overweight or actually shifts the entire BMI distribution, we also looked at underweight, defined as a BMI-for-age below the 5th percentile.
We conducted a logistic regression on the odds of being overweight by the 6 breastfeeding categories. In this analysis, we controlled for gender, race/ethnicity, and birth weight. In the subset of states in which linkage to maternal records was possible, we also controlled for mother's age, educational attainment, prepregnancy BMI, weight gain during pregnancy, and postpartum smoking. Finally, we tested for interactions between breastfeeding duration and each of the covariates.
RESULTS
The population studied had a high percentage of overweight children (13.3%) and a high proportion of non-Hispanic blacks (29.0%; Table 1 ). The percentage of low birth weight was slightly higher than that found nationally, but this was to be expected because our sample included only low-income children (Ͻ185% of poverty). Fewer than 30% of the children were ever breastfed, and only 6.1% were breastfed for Ͼ6 months. Among the 2.5% of children who were excluded because of missing or inconsistent breastfeeding duration, the prevalence of overweight was slightly higher (14.4% vs 13.3%). These excluded children were more likely to be from an "other" racial/ethnic group (14.0% vs 5.0%). The subsample of children who were linked to maternal data in the 7 states was more likely to be Hispanic and had a higher rate of breastfeeding and the mothers were generally poorly educated (43.6% had not completed high school) and had a high prevalence of overweight before their pregnancy (41.7% with BMI Ͼ25).
The rate of overweight at 4 years of age was highest among children who were never breastfed or who were breastfed forϽ1 month; furthermore, overweight decreased with increasing breastfeeding duration ( Table 2 ). The rate of underweight was highest among children who were never breastfed. Thus, children who were breastfed are less likely to be either overweight or underweight. The mean BMI of children was virtually identical across breastfeeding categories, but the standard deviation of BMI monotonically decreased with increasing breastfeeding duration.
Results of the logistic regression analysis confirmed these results (Table 3 ). In fact, the odds ratios were slightly stronger after we controlled for gender, race/ethnicity, and birth weight. When we also controlled for mother's age, education, prepregnancy BMI, weight gain during pregnancy, and postpartum smoking, the effects of breastfeeding for Ͻ1 year were considerably diminished (Table 4) , but prolonged breastfeeding (at least 12 months) was associated with a substantial (but nonsignificant) reduction in risk of pediatric overweight.
In testing for interactions between breastfeeding and the other covariates in predicting pediatric overweight, only the interaction between race/ethnicity and breastfeeding duration was statistically significant. A dose-response effect of longer breastfeeding was observed among non-Hispanic whites but not among non-Hispanic blacks or Hispanics (Table 4) . The sample size in the "other" racial/ethnic group was too small to show statistically significant effects, but the odds ratios were similar to those for nonHispanic whites.
DISCUSSION
Our study documented lower rates of overweight among children who were breastfed for longer durations. This finding is consistent with several previous articles that concluded that breastfeeding is protective against pediatric overweight. 19 -25 Each of those reports describes primarily non-Hispanic white populations. In our study, breastfeeding was protective among non-Hispanic whites but not other racial/ethnic groups.
Few of the previous studies examined prolonged breastfeeding, that is, breastfeeding for Ͼ1 year. The 2 studies that did report separately for those who were breastfed for at least 1 year found relatively large effects. Von Kries et al 19 found a 57% reduction in the adjusted odds of being overweight at 5 or 6 years of age when contrasting those who were breastfed for at least 12 months with those who were never breastfed. Liese et al 23 found even stronger effects contrasting Ͼ1 year of breastfeeding with those who were not breastfed, a 71% reduction in odds. Among white children, we found a 51% reduction for a similar comparison.
We did not find any protection against overweight among those who were breastfed for short durations (Ͻ3 months). Although never significant, there is even some suggestion of slightly higher rates of overweight among those who were breastfed for only a few months compared with those who were never breastfed, particularly among non-Hispanic blacks. Gillman et al 20 similarly documented slightly higher rates of overweight among those who were breastfed for Ͻ3 months compared with those who were never breastfed. Apparently, the protective effects of breastfeeding are gained only when breastfeeding continues for at least 3 months. Our study also showed that longer breastfeeding is not associated with a decrease in mean BMI but rather with a decrease in the standard deviation of the BMI, leading to simultaneously lower rates of underweight and overweight. Thus, our results are also consistent with previous studies that demonstrated no association between breastfeeding and various measures of central tendency of weight or adiposity. 8 -10 Breastfeeding seems to protect against overweight not by uniformly reducing BMI in all children but by reducing the variability in BMI.
A number of strengths distinguish our study. It is one of the largest studies conducted to date examining breastfeeding and overweight. Unlike many previous studies, it controls for maternal BMI and a number of other factors known to be associated with both breastfeeding and overweight. All participants were low-income and thus relatively homogeneous in socioeconomic status. It stratifies the analyses by race/ethnicity and demonstrates differential effects by racial/ethnic group.
However, there are a few limitations as well. Women who breastfeed for longer durations could be different from women who do not breastfeed in ways not measured by the variables that we considered. As Gillman 34 pointed out, "The most important question about these studies is whether residual confounding could explain the results" (p. 749). By controlling for the child's gender, race/ethnicity, and birth weight, and for the mother's age, education, prepregnancy BMI, weight gain during pregnancy, and postpartum smoking, we attempted to minimize the effect of confounding variables, but it is possible that factors indirectly related to breastfeeding and overweight are responsible for the association. Perhaps most important, we could not control for nutrition and physical activity behaviors in the children as they grew older. Furthermore, the sample was not representative of all low-income children in the United States but only of those enrolled in public health programs. Such children may have characteristics that set them apart from nonparticipants. We did not have data on the exclusivity of breastfeeding or on other aspects of infant feeding. Also, we were unable to examine effects of breastfeeding after the age of 4 years, for which Dewey 26 pointed out that effects seem to be even stronger.
The link between long-term breastfeeding and lower rates of overweight could operate through several possible biological mechanisms. Birch and Fisher 35 showed that children who were breastfed are better able to adjust intake at a meal in response to a high calorie preload; thus, breastfed children may learn to self-regulate caloric intake better than nonbreastfed infants do. Also, breastfed and formula-fed infants have a different hormonal response to feeding: formula feeding provokes a greater insulin response, possibly resulting in earlier fat deposition. 36, 37 Another possibility is that the higher protein intake in formula-fed infants has a programming effect on glucose metabolism. 38 Finally, breastfed infants adapt more readily to new foods such as vegetables, thus influencing the subsequent caloric density of their diet.
That effects were found consistently only in nonHispanic whites suggests that the association may be mediated by behavioral factors that differ across racial/ethnic groups. For example, Hispanic children are at nearly twice the risk of becoming overweight than are non-Hispanic whites, probably because of different dietary and physical activity patterns. Prolonged breastfeeding may be insufficient to overcome these powerful lifestyle issues. Furthermore, the exclusivity of breastfeeding or the age of introduction of solid foods may differ by ethnic group, such that the effects of breastfeeding are weaker in black or Hispanic children. We could not characterize the intensity of breastfeeding, as no data on supplementation with other milks or solid foods were available in this data set. It is also possible that infant formula is used differently in the different ethnic groups. For example, if whites are more insistent that their infants finish off a predetermined quantity of formula, then this may inhibit a formula-fed infant's ability to self-regulate intake. These hypotheses clearly will require additional examination.
The multiple benefits of breastfeeding are well documented in the United States. 39, 40 Much of the current evidence on the health effects of breastfeeding has been concentrated on shorter durations of breastfeeding, however. The importance of longterm breastfeeding (longer than 12 months) has not been documented extensively in developed countries. This study highlights 1 consequence of prolonged breastfeeding and reinforces the rationale for recommendations to breastfeed an infant for at least a full year.
